We present a novel, image-driven population analysis framework, called iCluster. iCluster processes a large set of images to determine a partitioning of the population based on image similarities, while establishing a dense spatial correspondence across individuals and computing the templates that represent each subpopulation. In experiments, we show that an imagedriven partitioning of a large population reveals age effects on neuroanatomy and correlates with mental health.
INTRODUCTION
The increasing resolution, quality and availability of neuroimaging data coupled with the advent of automated analysis techniques allows researchers to study progressively large subject populations. These large populations typically span a wide range of age groups, clinical and demographic conditions, and contain many subtypes. Yet, today's popular image analysis tools rarely explicitly model the apparent heterogeneity of neuroanatomy in these data, since these tools were typically developed within the conventional neuroimaging paradigm of small and relatively homogeneous cohorts. The homogeneity assumption commonly made by image analysis tools, limits our capability in crucial applications, especially in today's context of large image datasets. For example, a current debate is on whether a single, universal atlas yields sufficiently accurate segmentations or one should construct separate population-specific atlases that more closely model the neuroanatomy relevant to a particular study. The main problem with the latter approach is that, what constitutes a population is not clearly understood. In this work, we investigate a framework that identifies anatomically homogeneous subpopulations via image clustering.
METHOD
We use a probabilistic generative model, which assumes that the set of observed images is generated from a collection of unknown deformable templates. We use an ExpectationMaximization algorithm to estimate the templates, most Support for this research is provided in part by the following sources: NIH NIBIB NAMIC U54-EB005149, NIH NCRR NAC P41-RR13218, NIH NCRR mBIRN U24-RR021382, NIH NINDS R01-NS051826, and NSF CA-REER 0642971.
likely deformations and assignments between the individual images and templates. The assignments yield a partitioning (clustering) of the population. Details of the iCluster algorithm and model can be found in [2].
EXPERIMENTS
We ran iCluster on the OASIS dataset [1], which contains 415 brain MRI scans of subjects aged 18 through 96 years, including dementia patients. Fig. 1 shows the three templates that represent subpopulations computed by iCluster. Using ordinary least squares, we regress Mini-Mental State Exam scores (MMSE ranges from 14, poor mental health, to 30, healthy) on age, sex and cluster memberships. Fig. 2 plots expected MMSE scores for each age group (with 95% confidence interval) and age distributions for the three clusters. These results indicate that the image-driven partitioning of the population correlates significantly with age and MMSE, an indicator of dementia. 
